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e Data analysis and data selection

» TCanvas::Divide(), TGraphAsymmErrors as
TH1 ratio, ...

 THN with arbitrary binning

* TTree::MakeClass()

 How to compile a ROOTable library
« ROOT 5 vs ROOT 6

 Hands on software
— make scatter plots
— read a tree with class using a script
— fitting distributions
— look for e+ in PAMELA simulation

)
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Fitting
Distributions, profiles, graph can always be fitted
with the method called “Fit”.

fit options

/..

TFitResultPtr Fit(const char* formula, Option_t* option = , Option_t*
goption = """, Double_t xmin = O, Double_t xmax = 0)

TFitResultPtr Fit(TF1* f1l, Option_t* option = """, Option_t* goption
= """, Double_t xmin = 0, Double_t xmax = 0) /f
graphic options
formula: “[0] + x*[1] + x*x*[2]” == “pol2” that is: a + x*b + x2*c
TF1* f1:
TF1 *f=new TF1(“f”’, “[0] + x*[1] + x*x*[2]7,0.,100.)

http://root.cern.ch/root/htmI532/TH1.htmI#TH1:Fit

http://root.cern.ch/root/htmI532/TGraph.html#T Graph:Fit
http://root.cern.ch/root/htmI532/TE1.html m:-n)
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http://root.cern.ch/root/html534/TGraph.html
http://root.cern.ch/root/html534/TH1.html
http://root.cern.ch/root/html534/TF1.html

Fitting, predefined functions

Distributions, profiles, graph can always be fitted
with the method called “Fit”.

fit options

/

TFitResultPtr Fit(const char* formula, Option_t* option = "', Option_t*
goption = """, Double_t xmin = O, Double_t xmax = 0)

TFitResultPtr Fit(TF1* f1l, Option_t* option = """, Option_t* goption
= """, Double_t xmin = 0, Double_t xmax = 0) /f

graphic options

formula: ““gaus” , “expo” , “landau” ,
“poIN” (n1.e.: “pol0”, “poll”,
“pol2”, ...)

http://root.cern.ch/root/htmI532/TH1.htmI#TH1:Fit

http://root.cern.ch/root/htmI532/TGraph.html#T Graph:Fit
http://root.cern.ch/root/htmI532/TE1.html m:-n)
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http://root.cern.ch/root/html534/TGraph.html
http://root.cern.ch/root/html534/TH1.html
http://root.cern.ch/root/html534/TF1.html

Fitting, setting initial conditions

Setting Initial conditions Is easier when using a
function. It is done like using the
TFormula::SetParameters method:

TF1 *pointerfun = new TF1("fun","[0]+x*[1]/2334.",1.,6.);
pointerfun->SetParameters(0.1,2000.);

mygraph->Fit(pointerfun, “me”, “same”);

Look also at the other methods like:
SetParLimits, FixParameter, etc. /j
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Fitting, accessing the results (1/2)

The function returns a TFitResultPtr which can
hold a pointer to a TFitResult object.

Use the fitting option "S" to make TFitResultPtr
containing the TFIitResult and behaves as a
smart pointer to it. For example one can do:

TFitResultPtr r = h->F1t(“pol2”,“meS"); // NB: NOT_*r
Double_t chi2 = r->Chi2(); // to retrieve the fit chi2

Double_t parO = r->Parameter(0); // retrieve the value for the
parameter O

Double_t errO = r->ParError(0); // retrieve the error for the parameter

o)
r->Print('v"); // print full information of fit including covariance
matrix
)
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Fitting, accessing the results (2/2)

When using a function to perform the fit, results
can be accesses via TFormula and TF1
methods GetParameter, GetParError, etc.:

TF1 *myFun = new TF1(*“fun”,*“pol2”);
h->Fit(myFun, “meS™);

Double_t parO = myFun->GetParameter(0); // retrieve the value for the
parameter O

Double_t errO = myFun->GetParError(0); // retrieve the error for the
parameter O
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Event selection

Today question is: where are positrons in our simulated sample?

Event selection goes trough a recursive procedure of plotting
observables distributions and placing cut to select the events
(standard procedure, other ways exist.: multivariate
approach, event selection “by eye”, ...)

In this case:

* electrons are representative of positrons, I.e. electrons and
positrons distributions are identical, the only difference here
IS the sign of the charge of the particle (negative electrons,
positive positrons).

e protons are the background we want to remove. )

INFN
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posSelection.C

#include =TFile. h=

#include =TTree. h=

#include =TCanwvas. h=

#include =TH1D. h=

#include =THZD. h=

#include =TF1. h=

#include <TProfile. h=

#include =TGraphisymmErrors. h=

#include =PamCalo. h=
voild posSelection(TString inputFiledq{

[/ Create some histograms.

[/ electrons

TH1D *elesample = new TH1D("elesample","Electron sample: GeV:counts", 100,80 ,20. 7%,

TH1D *elesel = mew TH1D{"elesel", "Selected electrons:GeV;counts”,100,0.,20. %,

[/ positrons

TH1D *possel = mew TH1D({"possel","Selected positrons;GeV,counts”,108,0.,20.%,

J/ osum ep + em

TH1D *leptosel = new TH1D("leptpsel”, "Selected positrons+electrons: GeV:counts”,1008,0.,20. 7%,

[/ scatter plots
TH2D *qtotene = new TH2D('qtotene”,"gtot/eneray: GeV:gtot/energy”, 1000, -20. 20, ,1000,0. ,500.%, f// energy momentum match
TH2D *roint = new TH2D('noint”, "noint, GeVonoint", 10008, -20 20 ,1000,8 .35 3% /) noint distribution

TH2D *qncore = mew TH2D("gncore”,"qcore/ncore; GeV, qcore/ncore”, 1000, -20. ,20. ,5000,0. ,5P.); // gqcore/ncore distribution

Hf Functions for selections

/! Open the file

TFile *file = TFile::Open({inputFiled;

TTree *tree = (TTree*yfile-=0et({"pamcalotres"y,

PamCalo *pc = new PamCalo()

tree->SetBranchaddress{"PamCalo", &pcy, ’
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posSelection.C

—_— i m = W

tree-=SetBranchiddress{"PanCalo", &pc)h;

f/ loop over ewents
for ( Int_t i=0, i<tree-=GetEntries{d; 1i++) {
Jlfor ¢ Int_t i=0; 1<20000; i++) {

if ( i%10000 == 0 ) cout =< " get entry " << 1 << "\n";
tree-=GetEntry (i),
if ( pc-senergy < 0. % elesample-=Fill(fabs{pc-=energy’y’;

J/ selection condition ¢no selection at the moment)
I if (
i )1

Jf Fill scatter plots
noint-=Fill{pc-=»eneray, pc-=noint);
if ¢ pc-=ncore = 0 3 gncore-=Fill{pc-=energy,pc-=qcore/ (fleatipc-=ncore);
if ( pc-=energy '= 0. 3 gtotene-=Fill({pc-=enerqgy,pc-=qtot/fabs{pc-=eneray’y;
S/ Fill histrograms
if ( pc-=energy < 0. 3] f/ negatiwves particles
elesel-=Fill({fabs(pc-=energy));:
} else { // positive particles
possel-=Fill{fabs(pc-=enerqy)’;

Iy
leptosel->Fill(fabs(pc-=energy));

I} )
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posSelection.C

[f draw histograms
TCanvas *cqtotenergy = new TCanvas("cqtoteneray”, "Energy momentum match", 200,10, 600, 400%

cqtotenergy-=SetGrid(); . . e
cqtotenergy-sSetTicks(): ok for high statistics

cqtoteneray-=SetLogz(); replace with hpointer->SetMarkerSize(1.4);
cqtotenergy-=0Draw(}; 7 hpo Inte r—>Draw() -

gtotene-=Draw("colz"y, o
when statistics becomes small
TCanvas *cnoint = new TCanvas{'cnoint"”, "Distribution: noint”, 200,10, 600, 4007
cnoint-=SetGrid(y;
cnoint-=SetTicks(}y,
cnoint-=5etlLogz (),
cnoint-=0raw();
noint-=0raw("colz"y;

TCanvas *cqncore = new TCanvas{"cgncore", "Distribution: gcore/ncore”,200,10,600,400%,
cqneore-=SetGrid(y,

cqneore-=SetTicks(y,

cqncore-=5etlLogz ()

cqncore-=0raw();

grcore-=0Draw("colz"y,

/')
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posSelection.C

Jf draw electron efficiency and positron fraction

TCanwvas *chisto = new TCanwvas("chisto”,"Electron efficiency and positron fraction", 200,10, 800,800);
chisto-=Divide¢l, 2y, f/ columns, raws

chisto-=C0etPad(l)-=5etlogx (),

chisto-=C0etPad(2) -=SetLogx();

chisto-=C0etPad{l) -=SetGrid(};

chisto-=0etPad({2) -=5etGrid(y;

chisto-=C0etPadil)-=SetTicks (),

chisto-=0etPad(2) -=SetTicks (),

chisto-=Draw();

[l create electron efficiency, selected electrons / sample electrons
TGraphAsymmErrors® effele = new TGraphiAsymmErrors(elesel,elesample);
effele-=SetMarkerStyle(20);

J/f create a THZ to be used as background
TH2D *hbkgef = new TH2D("hbkgef",":Energy (GeV).e{-} selection efficiency”,1000,0. ,30. ,1000,0 ,1 23,
hbkgef-=SetStats(0y;

ff go to the first panel and draw
chisto-=cd(ly;

hbkgef-=Draw(};
effele-=Draw("Psame");

[/ create positron fraction, selected positrons / (selected electrons + selected positrons)
TGraphAsymmErrors® posfraction = new TGraph&symmErrors{possel, leptosely,
posfraction-=SetMarkerStyled2ay;

J/f create a THZ to be used as background
TH2D *hbkapf = new TH2D("hbkgpf",";Energy (GeV) Positron fraction”,1008,0 ,30. ,1000,0.,1.2),
hbkgpf-=5SetStats(0y;

/f go to the second panel and draw
chisto-=cd(2y,

hbkapf-=Draw();
posfraction-=0raw{"Psame"y;

/')
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posSelection.C

Jf draw electron efficiency and positron fraction .1_F)Ei(j:: [)i\/i(jEE(ir1t,ir1t)

TCanwvas *chisto = new TCanwvas("chisto”,"Electron efficiency and positron fraction", 200,10, 800,800);

chisto-=Divide(l, 23, columns, raws - |
chisto->GetPad(1) ¥ - £8-Eecton eficiency and poiron actor s =
chistu_}ﬂetpad(z)_}SE . File Edit Yiew Options Tools Help
chisto-sGetPad(1)-=5et style |
chisto-=CetPad(2)->SetGr A
chisto-=CetPad(l)-=SetTick —
chistu-;ﬂetpad(zj-rSetTicks M- .-
chisto-=0raw() ri/as

[ F gepect ratio
[T Crossha Ed
T Gridk \.
[ Ticky r

Log Scale
M Ty 2

Border Mode

' Sunken border
'  MNo border

" Raised border

Size: |2 l

e’ selection efficiency

[/ create electron efficiency, =%
TGraphAsymmErrors® effele = new TOQa
effele-=SetMarkerStyle(20);

[/ create a THZ to be used as backarou
TH2D *hbkgef = new TH2D{"hbkgef", " Enerd
hbkgef-=SetStats(0y;

ff go to the first panel and draw
chisto-=cd(ly;

hbkgef-=Draw(};
effele-=Draw("Psame");

[/ create positron fraction, selected positr
TGraphasymmErrors® posfraction = new TGraphd
posfraction-=SetMarkerStyled2ay;

£
5
2

J/f create a THZ to be used as background
TH2D *hbkgpf = new TH2D{"hbkgpf",K ", Energy (G
hbkgpf-=5SetStats(0y;

/f go to the second panel and draw
chisto-=cd(2y,

hbkapf-=Draw();
posfraction-=0raw{"Psame"y;




posSelection.C

Jf draw electron efficiency and positron fraction
TCanwvas *chisto = new TCanwvas("chisto”,"Electron efficiency and positron fraction", 200,10, 800,800);

chisto-=Divide¢l, 2y, f/ columns, raws = B gy ——
Chisto-~GetPad(1) -»SetLogx ) £8-Eecton eficiency and poiron actor s =
chisto-=C0etPad(2)-=SetLogx(); Help
chisto-=C0etPad(1l)-=SetCGrid(}
chisto-=0etPad(2) -=5etGrid(y;
chisto-=0etPad{l)-=5etTicks(
chisto-=0etPad(2)-=SetTicks (),
chisto-=Draw();

File Edit Yiew Optionz Tools
Style I

Hame
chisto::TCanvas

Fill

|- I |-
N
\\\

T Gridk
[ Ticky
Log Scale —————
M Ty 2
Border Mode

J/f create a THZ to be used as background o Brer e
i No border

TH2D *hbkgef = new THZD("hbkagef",".Energy (0 ; 5 5
hbkgef->SetStats(d), € Ratsed border g S e ..

pect ratio

e’ selection efficiency

[/ create electron efficiency, selected elec
TGraph&symmErrors® effele = new TGraphisymmE
effele-=SetMarkerStyle(20);

K
N

ff go to the first panel apd.d
chisto-=cd(1)

hbkgef-=Draw(};
effele-=Draw("Psame");

[/ create positron fraction, selected positr
TGraphasymmErrors® posfraction = new TGraphd
posfraction-=SetMarkerStyled2ay;

Positron fraction

J/f create a THZ to be used as background : S
TH2D *hbkgpf = new TH2D{"hbkgpf",K ", Energy (G o : §
hbkgpf-=SetStats(0), Y e~y -

/f go to the second panel and draw
chisto-=cd(2y,

hbkapf-=Draw();
posfraction-=0raw{"Psame"y;




posSelection.C

Jf draw electron efficiency and positron fraction
TCanwvas *chisto = new TCanwvas("chisto”,"Electron efficiency and positron fraction", 200,10, 800,800);
chisto-=Divide¢l, 2y, f/ columns, raws

chisto-=C0etPad(l)-=5etlogx (),

chisto-=GetPad(2)-=5etlogx(); i i i I
CetoGerhad) et O, TH1D with the same binning!!
chisto-=0etPad({2) -=5etGrid(y;
chisto-=C0etPadil)-=SetTicks (),
chisto-=0etPad(2) -=SetTicks (),
chisto-=Draw();

[/ create electron efficiency, selected electrons [/ s e el rons
TGraphAsymmErrors® effele = new TGraphiAsymmErrors(elesel,elesample);

el earierstylecn. http://root.cern.ch/root/htmi532/TGraphAsymmErrors.html

J/f create a THZ to be used as background
TH2D *hbkgef = new TH2D("hbkgef",":Energy (GeV).e{-} selection efficiency”,1000,0. ,30. ,1000,0 ,1 23,
hbkgef-=SetStats(0y;

ff go to the first panel and draw
chisto-=cd(ly;

hbkgef-=Draw(};
effele-=Draw("Psame");

[/ create positron fraction, selected positrons / (selected electrons + selected positrons)
TGraphAsymmErrors® posfraction = new TGraph&symmErrors{possel, leptosely,
posfraction-=SetMarkerStyled2ay;

J/f create a THZ to be used as background
TH2D *hbkapf = new TH2D("hbkgpf",";Energy (GeV) Positron fraction”,1008,0 ,30. ,1000,0.,1.2),
hbkgpf-=5SetStats(0y;

/f go to the second panel and draw
chisto-=cd(2y,

hbkapf-=Draw();
posfraction-=0raw{"Psame"y;

~)
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http://root.cern.ch/root/html534/TGraphAsymmErrors.html

Running the selection script

|[Emi@marte ~>root

root
root
get
get
get
get
get
get
get
get
get

. shap ..

get

[0O] -L posSelection.C

[1] posSelection(" /home/mocchiut/pamela/data/pamsimu2015.root')

entry
entry
entry
entry
entry
entry
entry
entry
entry

entry

o)

10000
20000
30000
40000
50000
60000
70000
80000

5730000

)
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Output plots

@ Electron efficiency and positron fraction = & Y
File Edit View Optionz Tools Help
) —
] .
B :
= H ]
o EO—
c H
o) L
(5] H —
i : —
5 r—
o _
e

Energy (GeV)
c T
2 S
o i —
E -
: - .
: - which value
o

Energy (GeV)

K do you expect here?

)
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Emilie

Output plots

£&5 Energy momentum match = =] X |
File Edit Wiew Options Tools Help
gtot/energy
& 500 —— Emriei“:'te”:msﬂ
s -
= - Mean x 3.153
2 450 Meany  67.87 |,
T 400 RMS x 2.803
= RMS y 62.92
350: .............
300: .............
o1 EOOPOPPPON PO st 1 T N SR ST A 10
200
150 F
100: 1
=
T — 20
GeV
Lr | T T J'\r
File Edit VYiew Optionsz Tools Help File Edit View Options Tools Help
qcore/ncore noint
qncore noint
E 5OE| —TT T T T T T T Enties F30506 % B T T LI I TEnties B30847
=T OO TSSOSO OOOUOUOOTOOOS SRRSO Lt SOOI SOOI ST Mean x 3.15 £ Mean x 2.963
g E Mean y 2984 Mean y 10.7
Tt = N SO O -5 ot SRS S RMS x 2.804 RMS x 3.169 [
E RMS y 3.335 1 RMS y 10.39
35:_ ..................................................................... +
£ =
E 10
25__ ........................................................................................................
20:_ ....................................................................................................
15—
10— 1
5:_ .......................

h




Choosing a cut, case one

Placing a cut using CINT and an individual empirical cut
selection approach (by eye)

i ™
&5 Distribution: noint = B X
File Edit Yiew Options Tools Help

noint
- 35 T T T T T T T T nDint
c TE R S ~+—————Entries 5735149
, S L e : Mean x 19.33
; ] EL OOOOOOUOOOOO OOORUOTPTOTIOS SOUPIPUOOUOY: SOOPOOOOP0O N S S | | Mean y 8.478
- i T —{RMSx 15.03
) ~ Af—————{RMS y 10.01 |,
' L O OO SO SO SRR B S : ; =k
2,3:_ .......................................................................... :;_ ...................... _
: fa— — 10°
15 —__T—: ....................... E
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Cutting on “noint” distribution

get entry Sbuuuu
get entry 570000
get entry 580000

P e
get entry

get entry 610000 File Edit Yiew Options Tools Help
get entry 620000
get entry 630000
get entry 640000
get entry 630000

noint

noint
1Entries 830847

i : d . - 2.963
get entry 6€00CO o 4 ] 10.7

get entry 670000 : . 3.169
get entry 680000 7 -
get entry &%0000 il 2Bt
get entry 700000 : :
get entry 710000
get entry 720000
get entry 730000 o ;
get entry 740000 il IR g
get entry 750000
get entry 760000
get entry 770000 . : P -
get entry 780000 o : - 3 e
get entry 790000 = : > . :
get entry 800000 :
get entry 810000
get entry 820000
get entry 830000
root [2] TFl *g = new TF1l("g","abs (0.2+(-200./x))",-20,20)
root [3] g->Draw("same")
root [4] TF1l *g = new TF1("g", "abs(0.2+(-400./x))",-20,20)
root [5] g->Draw("same")
root [6] TFl *g = new TF1("g","abs(0.2+(-100./x))",-20,20)
root [7] g->Draw("=same")
root [8] TF1l *g = new TF1("g","abs(0.5+(-100./x))",-20,20)
root [2] g->Draw("™
root [10] ]

zame")
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posSelection.C

#include =TFile. h=

#include =TTree. h=

#include =TCanwvas. h=

#include =TH1D. h=

#include =THZD. h=

#include =TF1. h=

#include <TProfile. h=

#include =TGraphisymmErrors. h=

#include =PamCalo. h=
voild posSelection(TString inputFiledq{

[/ Create some histograms.

[/ electrons

TH1D *elesample = new TH1D("elesample","Electron sample: GeV:counts", 100,80 ,20. 7%,

TH1D *elesel = mew TH1D{"elesel", "Selected electrons:GeV;counts”,100,0.,20. %,

[/ positrons

TH1D *possel = mew TH1D({"possel","Selected positrons;GeV,counts”,108,0.,20.%,

J/ osum ep + em

TH1D *leptosel = new TH1D("leptpsel”, "Selected positrons+electrons: GeV:counts”,1008,0.,20. 7%,

[/ scatter plots
TH2D *qtotene = new TH2D('qtotene”,"gtot/eneray: GeV:gtot/energy”, 1000, -20. 20, ,1000,0. ,500.%, f// energy momentum match
TH2D *roint = new TH2D('noint”, "noint, GeVonoint", 10008, -20 20 ,1000,8 .35 3% /) noint distribution

TH2D *qncore = mew TH2D("gncore”,"qcore/ncore; GeV, qcore/ncore”, 1000, -20. ,20. ,5000,0. ,5P.); // gqcore/ncore distribution
J/ Functions for selections
TF1 *fnoint = new TF1("fnoint", "abs{@. 5+(-100. Jx33", -30,30),

/! Open the file

TFile *file = TFile::Open({inputFiled;

TTree *tree = (TTree*yfile-=0et({"pamcalotres"y,

PamCalo *pc = new PamCalo()

tree->SetBranchaddress{"PamCalo", &pcy, ’
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posSelection.C

S/ loop over events
for ¢ Int_t i=0, i<tree-=GetEntries(y; i++) {
JiFor ¢ Int_t i=0: 1<20000; i++) {

if ( 1%10080 == 0 3 cout =< " get entry " == 1 == "\n":
tree->GetEntry(iy,

if ( pc-=energy = 0. ) elesample-=Fill(fabs(pc-=energyly;

J/ selection condition (no selection at the moment)
if ( pc-s=noint < Fnoint-=Evalipc-=energy) // noint selection|
Al
J/ fill scatter plots
noint->Fill{pc-=eneray, pc-=noint?.
if ( pc->ncore > @ ) gncore->Fill{pc-=energy,pc-=>qcore/(fleatipc->ncore):
if ( pc-senergy != 0. 3 gtotene-sFill{pc-=eneray,pc-=qtot/fabs(pc-=energy));
Jf fill histrograms
if ( pc-seneray = 0. 31 f/ negatives particles
elesel-=Fill{fabs(pc-=energy)y,
} else { // positive particles
possel->Fill({fabs{pc->enerayl’,

1
leptosel-=Fill({fabs(pc-=energy)y,

i

J// draw histograms

TCanvas *cqtotenergy = new TCanvas("cqtotenergy","Eneray momentum match",200,10,600, 4005,
cqtotenergy->SetGridiy,

cqtotenergy->SetTicks(y,

cqtotenergy-=5Setlogz();

cqtotenergy-=Draw();

qtotene-=Draw({"colz"y:

TCanvas *cnoint = mew TCanwas('cnoint”,"Distribution: noint",200,10,600,4080%;
cnoint-=SetGrid(y;

cnoint-=5etTicks(y,

cnoint-=5etlogz(y;

cnoint-=braw) .

noint-=0raw("colz"y,
fnoint-=Draw("same"3 .

~)
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Output plots

-

75}
5.}
=

£% Energy momentum match | =Bl X |
File Edit View Optionz Toolz Help
gtot/energy
totene
500 q

B T T I Entries 317276

@

= Mean x 2.009 |

% 450 Mean y 103.2

o 400 RMS x 2.3

RMS y 71.03

=]

GeV
£ Distribution: gcore/ncor £% Distribution: noint | = Bl X |
File Edit View Options Toolsz File Edit Wiew Options Tools Help
gcore/ncore noint
Qneare = 38— noint

E = ! ! I Entries ETF ! ! e e Entries 317276

£ E Mean x c - : : Mean x 2.587

g E Mean y C Mean y 9.499

8 oF | RMS x RMS x 2.859

E RMS y RMS y 9.762

10

= 1

R | ...._I' s "
920 -15 -10 -5
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Emili

Output plots

£8 Electron efficiency and positron ﬁactior_é‘ﬂlg

File Edit Yiew

Options Tools

Help

1.2

& selection efficiency
-

0.8

Positron fraction

Energy (GeV)

/')
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Placing

Chosing a cut, case two

a cut using CINT and finding the behaviour of a

distribution using TProfile and fitting

Emiliano Mocchiutti, II

File Edit Miew Optionz Tools Help
gcore/ncore
gncore
5‘} T T T T T T T T T T T T T T T T T T T T T T T T T T T
E = | ! ! T T ! Entries 316935
£ — = : : L = Mean x 2.004 |
"EJ Mean y 4.392
g RMS x 2.312
4,124

=15 -10 -5 /')
INFN
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Choosing a cut, case two

Placing a cut using CINT and finding the behaviour of a
distribution using TProfile and fitting

File Edit View Optionz Tools Help
gcore/ncore
50 . gncore
% I T T 1 I T T 1 I T T 1 | I T T 1 | I _I- | ] I T T1 I T T Entries 316935
' ' R U T TS W S Mean 2.004 i ;

‘g Meany 4392 right click on
_________________________________________________ RMS x 2.312 i

& RMSy 4124 the hlsto‘gram_ )
TS S— — and choose “ProfileX

. A :
THED: s qrcore “HHHHHE ........................... ? ....................

Fit5licesH
FitSlicesY

Profilel

Projection®
Projectiont
SetShowProjectionk
SetShowProjectiony

Add

Divide

- ; ; S TrauwPane]
_IIII|IIII|IIII|IIIIFit

=20 -15 -10 -5 FitPanel

Multiply

Rebin

SetMac i mum

R R
10 15 20
GeV

- INFN
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Choosing a cut, case two

Placing a cut using CINT and finding the behaviour of a
distribution using TProfile and fitting

@ Distribution: gcore/ncare | = =] 28 |
File Edit View Optionz Tools Help
qcore/ncore
@ 90T T T (R — I O By S B At IO B B B T 1 - qncore
2 45 S T Nt AU Meanx  2.004 |
s Mo T Meany 4392
S 4o T R — S0 R RMSx 2312
= T e RMSy  4.124
- [ X TH2D:Profilex | el e T
Lo E— co——— e Tbleede i dlasdt | R —
E (const char®) name [defaults "_pfx"] : E —
30 :_ .................... .‘ ....... I_p'Fx ........................... , .................... _:
E {Int_t) firstybin [default: 1] . E- 10 replace “ pr”
25 s I L ey — = . —_
= i | S~ With a name, let's say
[ R IR . (Int_t) lastybin [default: -1] T S — = “ ”
= nE 1 myprof
15 :_ .................... ....... (Option_t*) option [default: "1 [R. . _: = CliCk OK
10 ;_s ..... ) I Cancel I Online Help I ........ _; 1
ch' -15 -10 -5 0 5 10 15 20
GeV /-)

INFN
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get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
root
root

enTry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry

[2] myprof->Draw("sams")

21 |

ERAVISIVIY]
280000
250000
400000
410000
420000
430000
440000
450000
460000
470000
480000
450000
500000
510000
520000
530000
540000
350000
560000
370000
580000
350000
600000
610000
620000
630000
640000
650000
660000
670000
680000
690000
700000
710000
720000
730000
740000
750000
Te0000
770000
780000
750000
800000
810000
820000
830000

£ Distribution: gcore/ncore

File Edit Yiew

Options

Taools

Choosing a cut, case two

Help

gcore/ncore

qcore/ncore

qncore

Entries 316935

Mean x
Mean y
RMS x
RMSy

2.004
4.392
2.312
4.124

draw the profile
(even over the
scatter plot)




get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
get
root
root

380000
350000
400000
410000
420000
430000
440000
450000
460000
470000
480000
430000
300000
510000
520000
530000
540000
550000
560000
370000
380000
350000
600000
610000
620000
630000
640000
650000
660000
670000
680000
630000
700000
710000
720000
730000
740000
750000
760000
770000
780000
750000
800000
810000
820000
830000

entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry
entry

[2] myprof->Draw |

121 i

Choosing a cut, case two

same

|

File Edit Wiew Options Tools . Help
gcore/ncore
gncore
S 18 e L L Enties 316935
g rC Meanx  -1.901
AN R AN NN WS NN SN N W, Meany 3736
g oL RMSx  1.704
C RMS y 1.253
14_ ........................................................................ 7] —
-12: . O OO SO O SO S __E — 1
10 : :[_“'; {J * .................................................................................................. __;Illi
- ( _'H *W“ “J% b | 4
8 — 1 -} ¥nﬂﬂw¥qum”m“l ........................................................... —
- } i A 3
B b £ ik URFEIFIICRRTE | ]
C } SetErrorlption H 1 0'1
_ Add 4
4 ............................. Divide ]
— Dr-auPanel ]
- Fit ]
2 ............................. _
— Multipl b
0_| ! L1 ! L1 L L1 S:tM;ziﬁum L T
-18 -16 -14 -12 -10 -8 SetHinimun 2 0
SetStats GeV
zoom and open .
Smooth
r— ” . . . .
the “FitPanel” by right-clicking with the mouse sevtae
eLl1T1E
when over the TProfile distribution e
- DrauClane
(can be tricky)
nspect
Savef
S::;rzwﬂption
SetlLinefittributes
SetFillAttributes
SetMarkerfttributes

.
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Fitting using the fit panel

choose “poll”

choose the range of fitting (left click and slide)

get entry sduuvuU

get entry 550000 . =)
get entry 600000 Mpa"d A £ Distribution: gcore/ncore | =8| X |
get entry 610000 4
get entry 620000 Data Set? TProfilessmyprof f File Edit View Options Tools Help
get entry 630000 R Furshian .
get entry 640000 e 3 ] qcore/ncore
+ ontrv 650000 wret [Fredef-10  »| [poll
o 660000 Operation qncore
get entry ) T N T T ] T T T T T T T T 7 T 1 - —
get entry 670000 & Nop  Add € Cony 8 18 Entries 816935
get entry 680000 | I c - Mean x -1.901
] —
T ey 720000 Selected: { 5 16 Meany | | 3.736
get entry 710000 poll Set. Pardmeters, J o — RMS x 1.704
get entry 720000 14 — RMS y 1.253
get entry 730000 General IMinimlzationl / — = —
get entry 740000 —Fit Settings 71 — EN I
get entry 750000 fethod 12 : N ; ¥ — 1
get entry 760000 [Chi-square | Usefl-Tefired, . ] | - .- ) - ) - 3
et entry 770000 — - T - . -
get entri 780000 V¥ Linear fit ™ Robfists [ 0,95 3 10 - : i “-
get entry 730000 Fit Options — ] i T ]
get entry 800000 ” Integral ™ e range 8 B 5
get entry 810000 N Best errors I Jrerove fit regilts — z _
get entry 820000 ¥ ALl weights = 1 [Jhdd to list — i
get entry 830000 [ Ewpty bins, weights=1 lUse Gradient 6 B i 101
root [2] myprof->Draw ("same") Draw Options _ =
root [3] | I seHE 4 o
Minimizer is Linear L lkies — . T
ChiZ = 1.00221e+1l [ Do not storeddrau Advanced, I, 2 — =i
NDE = 23 D D) — T
p0 = 6.5562 x'9‘245....‘......‘...‘......‘W _O‘ESj 0_‘ | L L L L A L L L b T
pl = -0.10487 _ B _ B B - _ - K Y
18 16 14 12 10 8 6 4 2 5 8
Update | Fit “ Reszet | Close | &
Minimizer is Linear v 4
Chio = 7.c4458esqll| Profilessm|LIB HinfremlIiB00e" Itr; 0 [Prn; IEF ,
B
NDE = 21
p0 = 10.5014 +/-  3.25495e-07
pl = 0.31421  +/-  3.80045e-08

Minimizer is Linear

Chi2 = 23.0608
NDf = 214
p0 = 2.7345 +/- 0.14539%

pl = -0.581125 +/- 0.0272435



Plotting the function over
the whole range

File Edit Yiew Options Tools Help
gcore/ncore
0¥ 50 T T 171 I T T 1 I T T 1 | ' T T T T | I T T 1 | L - qncore
S - : : : : e ] Entries 316935
€ 45F S I YR R R Meanx  2.004
= - . |Meany 4392)
RN RS R N RMSx 2312

RMSy 4.124

.........................................

root [4] TFl *1lin = new TF1("1lin"™,"2.7345+abs(x)*0.591125",-20,20)
root [5] lin—>Draw("sams")

root [&] l

~)
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Choosing aregion to select

File Edit Yiew Optionz Tools

£ Distributi

root
root
root
root
root
root

qcore/ncore

[4]
[5]
[&]
[7]
[a]
[=]

gcore/ncore

gncore

RMS x

Entries 316935
Mean x 2.004
Meany  4.392
2.312
4.124

TF1l *1in = new TF1("1lin","2.7345+abs(x)*0.5%1125",-20,20)
lin-»Draw ("sam=")

TF1l *1inl = new TF1("linl","4.7345+abs(x)*0.59%1125",-20,20)
TF1l *1in2 = new TF1("1lin2","0.73454+abs(x)*0.591125",-20,20)
linl->Draw("sam=")

lin2->»Draw("same")

(o] B

~)
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posSelection.C

#include =TFile. h=

#include =TTree. h=

#include =TCanwvas. h=

#include =TH1D. h=

#include =THZD. h=

#include =TF1. h=

#include <TProfile. h=

#include =TGraphisymmErrors. h=

#include =PamCalo. h=
voild posSelection(TString inputFiledq{

[/ Create some histograms.

[/ electrons

TH1D *elesample = new TH1D("elesample","Electron sample: GeV:counts", 100,80 ,20. 7%,

TH1D *elesel = mew TH1D{"elesel", "Selected electrons:GeV;counts”,100,0.,20. %,

[/ positrons

TH1D *possel = mew TH1D({"possel","Selected positrons;GeV,counts”,108,0.,20.%,

J/ osum ep + em

TH1D *leptosel = new TH1D("leptpsel”, "Selected positrons+electrons: GeV:counts”,1008,0.,20. 7%,

[/ scatter plots
TH2D *qtotene = new TH2D('qtotene”,"gtot/eneray: GeV:gtot/energy”, 1000, -20. 20, ,1000,0. ,500.%, f// energy momentum match
TH2D *roint = new TH2D('noint”, "noint, GeVonoint", 10008, -20 20 ,1000,8 .35 3% /) noint distribution

TH2D *qncore = mew TH2D("gncore”,"qcore/ncore; GeV, qcore/ncore”, 1000, -20. ,20. ,5000,0. ,5P.); // gqcore/ncore distribution

J/ Functions for selections
TF1 *fnoint = new TF1("fnoint", "abs{@. 5+(-100. Jx33", -30,30),

TF1 *fqncorelow = new TF1¢"fancorelow”,"0. 11148 44751%abs(x)", -30,30); e
TF1 *fqncoreup = new TF1('fgncoreup”, "8, 111+0. 44751%abs ()", -30, 387,

/! Open the file

TFile *file = TFile::Open({inputFiled;

TTree *tree = (TTree*yfile-=0et({"pamcalotres"y,

PamCalo *pc = new PamCalo()
tree->SetBranchaddress{"PamCalo", &pcy, ’

INFN
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posSelection.C

Jf loop over events
for ( Int_ft i=0; i<tree-=CetEntries¢), i++) {
fifor ¢ Int_t i=0; i<20000, i++) {

if ( 1%100600 == 0 ) cout == " get entry " == 1 == "\n",
tree-=GetEntry{i),
if { pc-=eneragy = 0. ) elesample-=Fill({fabs{pc-=energyl),

[f selection condition (no selection at the moment)
if ( pc-=noint < fnoint-=Evalipc-=eneragy) f/ noint selection
&& pc-=ncore = 0 &8 pc-=gcorefpc-=ncore = fqncorelow-=Eval{pc-=eneray) &% pc-=qcore/pc-=ncore = fgncoreup-=Evali{pc-=energy) // qncore selection

i

[ Fill scatter plots
noint->Fill{pc->energy, pc-=nointy,
if ( pc-=ncore = @ 3 gncore->Fill{pc-=eneray,pc-=gcore/(float)pc-=ncorey,
if ( pc-=energy != 0. 3 gtotene-=Fill({pc-=energy,pc-=qtot/fabsipc-=eneray)?;
[ Fill histrograms
if ( pc-senergy = 0. 3{ // negatives particles
elesel->Fill(fabs{pc->eneragyyy;
} else { // positive particles
possel-=Fill(fabs{pc-=eneragyy’;
T

leptosel-=Fill(fabs{pc-=energy)l;

TCanvas *cqnecore = mew TCanvas('cqncore”, "Distribution: qcore/ncore”,200,10,600,4007%
cqneore-=SetGrid();

cqneore-=SetTicks(),

cqncore-=5Setlogz(),

cqnoore-=0Drawiy

gncore-=0raw{"colz"y,
fancorelow-=0raw("same"y, e /—)
fancoreup-=Draw("same"); e INFN
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Output plots
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posSelection.C: TH arbitrary binning

void posSelection(TString inputFileyq

Float_t xbin[15]={®.5,1.2,1.4,1.6,1.8,2.,2.3,2.6,2.9,3. 5,4, ,4.5,5 ,7.5,20.};
J/ Create some histograms.

[/ electrons
TH1D *elesample = mew TH1D{"elesample”,"Electron sample; GeV counts”,14,=xbind,
TH1D *elesel = new TH1D("elesel", "Selected electrons; GeV:counts"”, 14, xbiny;

[/ positrons
TH1D *possel = mew TH1D("possel","Selected positrons: eV counts”, 14, xbiny:

S/ sum ep + en
TH1D *leptosel = mew TH1D(¢"leptpsel”,"Selected positrons+electrons; GeV: counts”, 14, =bin);

[/l scatter plots
TH2D *qtotene = mew TH2D("gtotene", "qtot/energy: Cev:gtot/energy”, 1000, -20.,20. ,1000,0. ,500.%, // energy momentum match
TH2D *noint = mew TH2D('noint”, "noint: GeV noint", 1008, -20. 20 ,1000,0. ,35.%, // noint distribution

TH2D *qnecore = pnew TH2D("gncore”, "goore/ncore; GeV qcore/ncore” 1000, -20. 20 ,5000,0. ,50.y:, f/ gcorefncore distribution

[/ Functions for selections
TF1 *fnoint = new TF1("fnoint", "abs{@. 5+(-100. fx))",-30,30),

http://root.cern.ch/root/htmI532/TH1D.htmI#TH1D: TH1D @2

~)
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http://root.cern.ch/root/html534/TH1D.html
http://root.cern.ch/root/html534/TH1D.html

Output plots
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TTree:MakeClass()

|[Emi@marte ~>root /home/mocchiut/pamela/data/pamelasimu.root

root [O]

Attaching file /home/mocchiut/pamela/data/pamelasimu.root as FTileO...
root [1] pamcalotree->MakeClass()

Info Iin <TTreePlayer::MakeClass>: Files: pamcalotree.h and
pamcalotree.C generated from TTree: pamcalotree

(Int_1t)O0
root [2]

)
INFN
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TTree:MakeClass()

pamcalotre=.C  J

Zdefine pamcalotree_cxx
Zinclude "pamcalotrees. h"
Zinclude =THZ2. h=
Zinclude =TStyle. h=
#Hinclude =TCanwas. h=

void pamcalotrese: : Loopd)

Imn a ROOT session, wvou can do:
Root = L pamcalotree. C

FRoot = pamcalotreese t

FRoot = t. CGetEntrwdl12>»:. S Fill t data members with entryv number 12
FRoot = t.Showid. £ Show walues of entry 12

FEoot = t.Showd{lad, Sy Read and show walues of entry 16

FRoot = t.Loopd), SYO Loop on all entries

This is the leoop skeleton where:

Jentry is the global enmntry nmnumber in the chain

ientry is the entry nmnumber in the current Trees
Note that the argument to CetEntry must be:

Jentry for TChain: : GetEntrwy

ientry for TTree: :  CetEntry and TBranmch: : CetEntry

To read only selected branches, Insert statements like:

Ty g T M T S e Ty T g T T T e ey Ty e, T e e
Ty T T, T T S e T T T e T e T ey Ty T ey T e ey

METHODL :
fChain-=SetBranchStatusd"*" , 0% . SY disable all branches
fChain-=SetBranchstatusd"branchmname™ , 1%, S oactiwvate branchname
METHODZ2: replace line
fChain-=GetEntry {jentryd . SSfread all branches
b b_branchnmname-=CetEntry{ientry>:, JS/S/read only this branch
iFf (fChain == 03 return;
Lomnasd £t nentries = fChainmn-=CetEntriesFast{
Lomngsd_t nmnbytes = 0, nmb = @;
For JLongsd_t jJentry=0. Jentryv=nentries: jentrv++3 4
Lomngsd_t ientry = LoadTreedjentryl;
if {ientry = @03 break.
nbk = fChain-=GetEntry{dentry) . nbytes += nb.
fFf 1F (Cutc¢ienmtry) = B) continue; ~)
T INFN
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TTree:MakeClass()

parmcalotre=.C g *parmcalotre=s.h 3

U U

s

S This class has been automatically aenerated on

S Thu May 28 16: 2756 2015 by ROOT wersion 5. 22,00

S Ffrom TTree pamcalotrese//PAMELA simulations

S found on File: Jhome/mocchiut/pamela/data/;pamsimuZold. root
RN R R R R R RN RN N RN RN
Zifndef pamcalotree_h

H#define pamcalotrese_h

Zinclude =TROOT. h=

Zinclude =TChainm. h=

Zinclude =TFile. h=

S Header Ffile Ffor the classes stored inm the TTree if anwy.
Zinclude " JSPamCalo. k"™

#include =TObject. h=

!
!
!
!

Y Fixed size dimensions of array or collections stored inm the TTree 1if any.
class pamcalotrese o

public
TTres= *FChain. SA'pointer to the anmnalyvzed TTree or TChain
Int_t fCurrent. JSSV'current Tree number in a TChain

SO Declaration of lLeat twvpes

SAfPamCalo TPamCalao.
UTInt_t funiqueID:
UImt_t fFBits.
UTInmt_ T time
Float_t Sneragy .
Float_t beta:
Float_t dE -,
Inmt_ T pID;
Float_t qtot.
L.-.1
SO List of branches
TEranch *h PamCalo funiqueID: £
TEranch *b_PamCalo_fBits, Fh
TEranch *bh PamCalo time. S
TEranch *h_PamCalo_energy . FA
TEranch *bh_PamCalo_beta; S
L.-.1

pamcalotreaedTTres *treas=07% ’/#’
v-ﬁ.rtua} ~pamcalotreadd INFN
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TTree:MakeClass()

pamcalotre=.C 3§ : *pamcalotre=.h J§
virtual ~paﬁcalntree(}; o
virtual Int_t CutdLongsd_t entryd;
virtual Int_t GCetEntrydLongsd_t entryd,
virtual Longsd_t LoadTreedLongdsd_t entryd:
virtual void InitdTTree *treed:
virtual void Loop@y,
virtual Bool_t Notify
virtual void ShowdLonggd4_t entry = -13,
T
#endif
#ifdef pamcalotree_cxx
pamcalotree: - pamcalotreedTTree *treed : fChain{od
1

Ffif parameter tree is not specified {or zerod,
Sused to generate this class and read the Tree.

if (tree == 03 A

TFile *f = (TFile*ygROOT-=CetListO0fFiles¢y-=FindObject{" home/mocchiut/pamela/data/

pamsimuz2old. root"d .

if ¢If || If-=Is0penda)d {
f = new TFile!" fhome/mocchiut/pamela/data/pamsimuzZOld. root™),
T
f-=Cet0Object{"pamcalotree” ,treeay ;.
T
Inititreal;
T
pamcalotree: : ~pamcalotrea()
1
if (I fChain) return,
delete fChain-=GCetCurrentFiley .
}
Int_t pamcalotree: : GetEntry{Longsd_t entryd
1

S/ Read conmntents of entry.
if (I fChain? return 0O
return fChain-=GetEntry{entry);

T
LongSd4_t pamcalotree: :LoadTreedLongsd_t entryd

connect the file
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TTree:MakeClass()

parmncalotre=. C  §§ *parncalotres. J§

Lungﬁd_t pamcalotree: - LoadTreedLongsd_t entryd

i

FYoSet the enwvironment to read one entry

T

if (I fChain? return -5
Lomngsd_t centry = fChainm-=LoadTreaedentryd .
if (centry = 00 return centry;

if (fChainmn-=GCetTreeNumber{d 1= fCurrent> 4
fCurrent = fChainm-=GetTreelNumber{y,
Motify ).

¥

return centry,

voild pamcalotree: :INit{TTree *treed

i

iy

SO The Initdy function is called when the selector needs to initialize
SPoa new tree or chain. Typically here the branmnch addresses and branch
FPopointers of the tree will be set.

It i=s normally not necessary to make changes to the generated

code, but the routine can be extended by the user if needed.

Initdy» will be called many times when running on PROOF

fonce per file to be processed).

e
Ty T, T,

S 5et branch addresses and branch pointers
if (ltreed return;

fChain = tree,

fCurrent = -1.

fChain-=SetMakeClass{ly .

fChain-=SetBranchaddress¢"fUuniqueID"”, &FfUniqueID, &b_PamCalo_flUniquelID> .
fChain-=SetBranchaddress{"fBEits", &TfBits. &b_PamCalo_fBitsy:
fChain-=SetBranchaddress{"time", &time, &b_PamCalo_time) .
fChain-=SetBranchaddress{"eneragy"”, &energy, &b_PamCalo_energyd,
fChain-=SetBranchaddress{"beta"”, &beta, &b_PamCalo_betad:

L...1

Motifwy{l,

Bool_t pamcalotree:  Hotify

i
I

S The Motifvdy function is called when a new file is opened. This
SY can be either for a mew TTree in a TChain or when when a new TTree

este, 2016/2017
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TTree:MakeClass()

Bool_t pamcalotree:: Notify()
{

[/ The Notify(y function is called when a new file is opened. This

[/ can be either for a new TTree in a TChain or when when a new TTree

[/ is started when using PROOF. It is normally not necessary to make changes
[/ to the generated code, but the routine can be extended by the

[/ user if needed. The return walue is currently not used.

return kTRUE,
I

voild pamcalotree: : Show(Longfd_t entry)

{

[/ Print contents of entry.

[/ If entry is not specified, print current entry
if (IfChain) return;
fChain-=Show(entryy;

I

Int_t pamcalotree::Cut{Longsd_t entry)

{

[/ This function may be called from Loop.

[/ returns 1 if entry is accepted.

[/ returns -1 otherwise.
return 1,

I

#endif [/ #ifdef pamcalotree_cxx

/')
INFN
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How to compile a ROOTable lib

Step 0. Create a class using ClassDef and

Classimp directives (look at PamCalo for
examples)

)
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How to compile a ROOTable lib

Step 1. Create a new file which name ends In
“LinkDef.h” (e.g. PamCaloLinkDef.h)
containing something like:

#1fdef _ CINT_

#pragma link off all class;
#pragma link off all function;
#pragma link off all global;
#pragma link off all typdef;
#pragma link C++ class PamCalo+;
#endi T

name of the class
ending with “+”

https://gcc.gnu.org/onlinedocs/cpp/Pragmas.html )
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https://gcc.gnu.org/onlinedocs/cpp/Pragmas.html

How to compile a ROOTable lib

Step 2. Create a new cpp file (so called
“dictionary file” e.g. PamCaloDict.cpp) using
rootcint:

bash> rootcint —f PamCaloDict.cpp —c —1 root-
config —--i1ncdir PamCalo.h PamCaloLinkDef.h

both header of the class AND LinkDef.h files

)
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How to compile a ROOTable lib

Step 3. Create the objects for dictionary file
and class implementation file as usual:

bash> g++ -Wall -fPIC —-1./ -1 root-config --
incdir -c PamCalo.cpp -o PamCalo.o

bash> g++ -Wall -fPIC —-1./ -1 root-config --
incdir -c PamCaloDict.cpp -o PamCaloDict.o

)
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How to compile a ROOTable lib

Step 4. Create the shared lib merging both the
class Iimplementation and the dictionary
objects:

g++ -Wall -shared -o Ili1bPamCalo.so PamCalo.o
PamCaloDict.o

)
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ROOT 5vs ROOT 6

ROOT

An Object-Oriented
Data Analysis Framework

~)
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ROOT 5vs ROOT 6

Do we need yet another custom C++ interpreter? (Axel Neumann)

"A ROOT User" asks "Is it really necessary to replace CINT dictionary with
cling?", bringing up very reasonable concerns and arguments against re-
implementing CINT. | will try to answer his comments to clarify why we do It,
and how it connects with the rest.

A fundamental misconception is that the status quo is acceptable. It is not, for
several reasons.

CINT vs C++
CINT was designed (25 years ago!) to be a C interpreter; C++ support was
added later. It still has many shortcomings with C++ 2003, let alone C++11.

CINT maintenance

The original author of CINT, Masaharu Goto, has moved on; CINT has been
maintained mainly by the ROOT team. It has 300k lines of code; that's a
considerable fraction of ROOT's. It has been designed to fit into an integrated
processing unit of appliances (like medical ones) - not for 16GB RAM, 8

compute thread, 50000 class environments. PR
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ROOT 5vs ROOT 6
Cling Is Better Than CINT

sociopicioriooior CLING  sorsiorickioricorsioriookiok
* Type C++ code and press enter to run it *
* Type .q to exit *
somrsioriolofsiororRIcRoRCROROR ORI RO ORIk
[clingl$ #include <vector=

[clingl$ #include <map>

" FU” C++ SUppﬂrt [clingl$ #include <string=
[clingl]$ #include <set>
»STL + temp|ates [cling]$ using namespace std;
[cling]$ vector<map<string,set<int> > > a
(vector<map<string, set<int> > >) @Edx18b190020
Path to C++11 [cling]$
* Correctness >

* Better type information and representations
* Always compile in memory

* Much less code to maintain

vvassilev / CHEP 2012.05.21 4

)
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ROOT 5vs ROOT 6
Cling's Dual Personality

* An interpreter — looks like an interpreter and

behaves like an interpreter
Cling follows the read-evaluate-print-loop (repl) concept.

* More than interpreter — built on top of compiler
libraries (Clang and LLVM)

Contains interpreter parts and compiler parts. More of an interactive
compiler or an interactive compiler interface for clang.

No need to compile Cling/ROOT with Clang/LLVM

vvassilev / CHEP 2012.05.21 5
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ROOT 5 vs ROOT 6

e \L
) Adobe

LLVM and Clang

“The LLVM Project is a collection of modular and reusable compiler and
wassilev/ CHEP 2012.05.21 toolchain technof@gfe_g_ Pt 6

)
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ROOT 5vs ROOT 6
Challenges

* Error recovery
Even th

error an

o

[ - e M Srigr e
1 the 1 wrong input at the prc

ougn tne user has fypec

1d Con Il':"-l'.Jl.' : J l-"ll.}lr.l':.

W r|I nn 2

Clin 19 LH"" nds on {1'.|_, al variables

continue to be added (potentially) with e\

* Late bmdmg

to provide ¢

>

':_-'l- ."'._.'

.l’qu;'n-'.-'-L'."r'_"d at runtinmgd

Jeys tne repl concept an

ana

user-extensible way

* Runmng statements

L':ul-‘\‘a{',. 1ic C++ extension i

#
terminal.

vvassilev/ CHEP 2012.05.21
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ROOT 5 vs ROOT 6

Dictionaries

* Describe compiled code

Incarnation of the type information and reflection in ROOT. The only way of
crossing the border between interpretation and compilation.

# CINT and Reflex dictionaries:

* Double the size of the libraries

* Multiple copies of the dictionary data in the memory

* Incompatible reflection formats TPluginManager

TClass

* Do not cover 100% of C++

PYyROOT

wassilev / CHEP 2012.05.21 1o 1

)
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ROOT 5vs ROOT 6
CINT Dictionary Use

Source of ROOT's Dictionary.(h|cxx)
class description

: Dictionary Size (SLOC)
Member functions ClassDef

injected by the 23%
ClassDef macro

Target-independent,
normalized signatures used

to call compiled functions. Teaches CINT what a
class contains

vvassilev / CHEP 2012.05.21 22

.
INFN

Emiliano Mocchiutti, INFN Trieste — Programmazione C++ per la Fisica — http://moodle2.units.it/ — Universita degli Studi di Trieste, 2016/2017 (_/ 682



ROOT 5 vs ROOT 6
ROOT 6.x

Reduce size of dictionaries

Mid term: Call Stubs & Reflection Info goes away!

Long term: No dictionaries at all Dictionary.(h|cxx)
Compiled TFormula TClass
ClassDef

“Caveuhs |

ReflactiorInfo

vvassilev / CHEP 2012.05.21 25
)
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ROOT 5 vs ROOT 6
ROOT 6.x

Reduce size of dictionaries

Mid term: Call Stubs & Reflection Info goes away!

Long term: No dictionaries at all Dictionary.(h|cxx)
Compiled TFormula TClass
ClassDef
rootcint” replaced by r_ootcllng Cé]‘PStIIbs
on the command line! -
Reflection Info
vvassilev / CHEP 2012.05.21 25
)
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ROOT 5 vs ROOT 6

Backward Compatibility with CINT

We will discontinue support for using '." and ‘->'

interchangeably. Note that references have the identical "performance issue”
as pointer derefs and use '.' and that '.' often results in a memory load, too, so |
don't take performance differences as an argument :)

But we want to encourage proper C++. We do provide most of the interpreter
extensions, but they can be turned off.

Class Hierarchy

A pet peeve of many, where it's not even clear how much your average novice
physicist really cares. None of the real in contrast to “I'd rather want to do
computing” physicists like me :) Physicists | talked to ever saw that as an
issue.

Axel Naumann

)
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ROOT 5 vs ROOT 6

Templates

ROOT was limited in the use of templates due to the way CINT called functions.
Now that we have a just in time compiler we will be able to instantiate templates
at runtime, and call their functions as needed. That's e.g. the main reason why
the TTreeReader (https://sft.its.cern.ch/jira/browse/ROOT5165) only really
works well in ROOT6. We will migrate interfaces where it's useful, but due to
the lack of documentability of possible template arguments (where concepts
would help), novices usually find templates repelling compared to traditional
classes.

C++11 (NB: not supported by gcc < 4.8; default is C98 for gcc < 6.1)
There are several parts to it: ROOT needs to be able to parse C++11 code, and
ROQOT 6 will be able to do that out of the box when built with C++11 turned in.
The next part is the accessibility of C++11 features through its reflection
interfaces (e.g. TClass) that will be done after ROOT 6. And the last part of
C++11 support is adding features to ROOT's I/O where needed.

Axel Naumann

)
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https://sft.its.cern.ch/jira/browse/ROOT5165

Exercises

The following file (52 MB)

pamelasimu.root

contains the TTree pamcalotree, storing data with the PamCalo class.

Variables from PAMELA simulation.

About 800.000 events: protons, anti-protons, electrons and positrons
mixed together. In this file:

Antiprotons to protons ratio: about 0.0006
Positrons to electrons ratio: about 0.12

Electrons to protons: is about 0.003 e
INFN
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Exercises

bash> root
root [0] gSystem->Load(*“/home/mocchiut/pamela/PamCalo/lib/Linux/l1ibPamCalo.so0’)
root [1] TFile * _fileO = TFile::Open(“pamelasimu.root™)
root [2] fileO-—>I1s()
TFile** pamelasimu.root
TFile* pamelasimu.root
KEY: TTree pamcalotree;1 PAMELA simulations
root [3] pamcalotree->Show(0)

======> EVENT:O

PamCalo = (PamCalo*)0x9974198

fUniquelD =0

fBits = 50331648

energy = 14.856709

pID =0

gtot = 55.280846

gmax = 3.763029

gtrack = 55.280846

qcore = 289.221985

qcyl = 55.280846

glast = 10.961176

qpre = 7.893903

qtr = 55.280846

qo = 0.982600

ql = 0.000000

g2 = 1.932100 /,_’
""""" INFN
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Exercise 1

Draw variables versus energy (scatter plots), try:

gqtot/abs(energy):energy
noint:energy
gcore/ncore:energy
gtrack/qtot:energy

(that is:
root [] pamcalotree->Draw(‘“‘qtot/abs(energy):energy’)
etc. etc.)

Look at differences between negative and positive sides of the

distributions (next lesson: where are the positrons?). /j
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Exercise 2

void readClazsTree(TString inputFile)d

TCanwas *cl = mew TCamwas("cl","Electron £lux" . 200,10, 600, 40003
cl-SetGridl):

cl-SetTicks():

c1->Drawi )+

TCarwas *c2 = new TCarwas("c2",."Eneroy momentum match" 200, 10,600, 4007
c2-»SetGridi):

c2—rSetTicks():

c2—Drawi )+

& Create zome histograms,
THID *eflux = mew THAID("eflux","Electron simulated flux:GeV:counts",100,30,,100,7:
TH2D *gnstrip = new TH2D("gnstrip","gtot/nstripiGeV:gtot/netrip”, 1000, -100, 100, ,1000,0, ,35,):

&F Open the file

TFile *file = TFile::0pentiinputFile):

TTree *tree = (TTree*)file->Get("pancalotres"):
PanCalo *pc = mew PamCalol):

tree->SetBranchiddress("PanCalo"  &pe) :
for { Int_t i=0: i<tree-:GetEntries(): i++) {
tree—»GetEntryli):

if [ pc-renergy > 100, && pc—renergy < - 30, ) eflux—>Fill{fabs{pc—renerau)):
ghstrip-:Fill{pc—renergy,pc—rqtot/ (Float Jpc—rnstrip):

¥

cl-redi)e
ef lux—>Trawl )

ce-red( )2
c2-»Setlogz():
gnstrip=>Draw!"colz"):

Script
readClassTree.C
(download it from
moodle)



Exercise 2

Run it like this:

bash> root

root [O]

L

readClassTree.C

root [1] readClassTree(““pamelasimu.root’™)

s =10 | & Energy momentum maich -

: File Edit Yiew Options Tools Help File Edit Yiew Options Tools Help
Electron simulated flux qtot/nstrip
eflux qnstrip
g L I B L R B =y e SR ;E;L35:|II:III:III:I'II!III!III!III:III!IEntli955735149
ﬁ Mean 45.41 2 C ; ; ; : ; ; ; i |Meanx 19.59
RMS 15.22 B oapl Lo Lo I b i IMeany 297
; = P ; - : Co RMS x 13.78 |,
.- RMS y 1.92
25 i - =
=
15— 4
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Exercise 2

Change readClassTree.C in order to:

o fit the electron flux distribution with a power law
TF1 *plaw = new TF1(“plaw”,“[0]*pow(X,[1]));

In the energy range [5,20]; which value do you get for the parameter
number 17

« plotinto a TH1D (x axis range: 0., 200.) the variable “gtot” in
the energy range -20 < energy < 0 ; fit the resulting
histogram with a gaussian function, print (cout from the
script) the resulting mean; which value do you get?

)
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Exercise 3

1. Download from moodle the script posSelection.C

2. Run the script and look at the output plots.

3. Add new plots and selections in order to throw away protons, try to
use:
—  (track/gtot
— gmax/gtrack
— glast/gpre
— qgpre/npre
— glast/nlast

versus energy. Take gtot/energy distribution as a reference.
What do you get as positron fraction? is it what you expected?

At this point, does the gtot/energy distribution bring additional
Information to reject protons?

)
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Exercise 4

4. take the last version of your script and create two new variables
using the variables: g0, q1, g2, 93, g4, g5. Event by event basis:

O create a TGraphError using as x vector x[6]={0.,1.,2.,3.,4.,5.}, as y vector the
six N values and as errors the square root of gN;

O fit the resulting TGraphError object with an exponential function:
f(x) = A exp(BXx)
O plot the resulting values of A (range about [0.-10.]) and B (range about [-2.,

2.]) versus energy into two different scatter plots, do they give an additional
information to separate protons and positrons?
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